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Abstract
In order to widen the industrial uses of Douiret sand belonging to the Chenini formation (Southern Tunisia) experimental
investigations have been performed to synthesized the silica gel from the natural raw material using alkaline attack, which
correspond to the fusion of silica and sodium carbonate together at high temperature (1060 °C). Mineralogical and physico-
chemical characterisation of the natural raw material and synthetic silica gel indicate that pure and very fine sized Douiret sand
can be yield a very interesting silica gel product characterised by high specific surface which can reach 720 m2/g and a great
capacity of adsorption.
© 2009 Elsevier B.V.
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1. Introduction
Silica, or silicon dioxide, is a chemical compound with chemical formula is SiO2. When oxygen combines with
two silicon atoms, they create Si-O-Si bridges in three-dimensional structure. This structure is electrically neutral. If
this structure is regular, silica is crystallize and has a very high melting point (1250 °C). When this structure is
destroyed, as in SiO2 in super fusion, silica is no more crystalline but vitreous.
At low pressure Silica exists in free state under a certain number of crystallized varieties like quartz-, quartz-,
tridymite and cristobalite or amorphous varieties such as flint or opal C which consists of hydrated silica [1].
Another polymorphic compound can be stable at high pressure same as coesite stishovite.
Whether crystalline or amorphous, sublimated or colloidal, porous or gel, silica is found in a wide range of high
tech or traditional products: tires, coatings, toothpaste, drugs, batteries and micro-electronics. Industrially, silica is
classified according to its elaboration mode, thus dictating the type of material and therefore the type of application:
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- Precipitated silica (porous silica aggregates) is especially used as resin reinforcement to improve the elasticity,
stability and anti-adherence of tires.
- Sublimated amorphous silica gives active surface proprieties from 50 to 400 m2/g. As an additive, it improves
the tensile strength, rigidity, colour, opacity or brightness.
- The silica gel, used as a desiccant, is able to absorb 40 % of its moisture weight and reacts to relative humidity
much more rapidly than wood or textiles.
- Colloidal silica is used for ceramics moulding or textiles treatment.
- Silica glass is used for optical components, optical fibres, protective screens and in the industry of
semiconductors and lasers.
The formation of Chenini (lower Albian aged), constitutes a constant level of sand and sandstone with oblique
stratifications, containing by places levels of coarse conglomerates and presenting significant variation of thickness.
This formation outcrop of the Douiret region constituted the basic matter in the sand exploitation to manufacture
silica gel.
2. Materials and methods
The X-ray powder diffraction pattern of Douiret sand was collected by an ‘Expert High Score plus PANalytical
diffractometer (at Research Center of Water Technologies, Tunisia.) using monochromated CuKα radiation
operating at 40kV/40mA. All XRD data were collected under the same experimental conditions, in the angular range
3°≤2≤50° with a scan rate of 1°/min at room temperature.
The composition of the chemical major elements of Douiret sand was obtained from the chemical analysis
determined by X-ray fluorescence. The determination of ignition loss (I.L.), was obtained by heating the sand raw
materials at 1000 °C [2].
Micromorphological investigation of Douiret sand was determined with a Philips XL30 scanning electron
microscope (SEM) at “Faculté des Sciences de Sfax”. The operating conditions are maintained at 20 kV and 60 μA.
The sample of sand grains was dried at 70 °C and powder filtered (< 63 μm) and fixed on a Al metal stub with silver
lacquer, then coated with gold. The microscope working distances ranged between 10 and 15 mm, with
magnification up to 10,000x, depending on the height and quality of the crystals as well as on the efficiency of the
gold coating. SEM micrographs of the solids were recorded with video-printer attached to the scanning electron
microscope.
The density, porous volume, porosity and specific area were given by pycnometry and adsorption of nitrogen. In
order to determine the real density ρS, three fluids, whose penetrate in porous space, were chosen (water, methanol
and ethanol) [3], whereas, for the apparent density, mercury was chosen since that it does not penetrate in the porous
network.
The measurement of specific surface is based on the adsorption and desorption of nitrogen on the surface and in
the pores space of the sample at low temperature using an apparatus B.E.T. Surface Area Analyzer Thermo-electron
Q Surf M1.
The samples that have particles size lower than 100 μm were degassed to 60°C during 72 hours, and then the cell
was plunged in a liquid nitrogen balloon.
3. Results and discussions
3. 1.Physico-chemical characterisation of the Douiret sand
3. 1. 1. The granulometric analysis
The granulometric analysis carried out by dry sifting, shows that the Douiret sands are fine grain sized. Their X-
ray fluorescence analysis shows that major elements correspond to a very high proportion of SiO2 (about 98 %);
small content of K2O, Al2O3, Fe2O3 and traces amount of MgO, Na2O, SO3.
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Table 1: X-ray fluorescence analysis of Douiret sand
Oxides SiO2 CaO Fe2O3 MgO Na2O K2O SO3 Al2O3 I.L.* Total
% mass 98.86 traces 0.27 traces traces 0.13 traces 0.45 0.3 100
* I.L.: Ignition loss
MgO, Na2O, SO3
3. 1. 2. X-ray powder diffraction
The X-ray powder diffraction analysis shows that mineralogical composition of Douiret sand corresponds to the
-quartz only; which is characterised by the following reflections : 4.23, 3.33, 2.45, 2.27, 2.23 and 2.12Å [4] (fig. 2).
Fig 2: X-ray Diffractogram of Douiret sand.
3. 1. 3. The Scanning Electron Microscopy (SEM)
In order to observe the internal micromorphology of the studied sand, the Scanning Electron Microscopy (SEM)
was carried out using the "retro diffused electrons" technique, since it gives a better vision rather than the
"secondary electrons technique". Figure 3 shows that the Douiret sand is constituted by well crystallized lamellar -
quartz. The size of the sand crystals range from 5 μm to 50 μm roughly. Note that intragranular pore spaces
correspond to the black cavities. However, their lower number can be indicates a poorly internal porosity of the
studied material.
Fig 3: Electronic micrography of the Douiret sand.
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3. 1. 4. The textural analysis
The textural analysis, carried out by pycnometric measurement, leads to the determination of the real (ρr),
apparent volumic masses (ρa) and, consequently, the porous volume as well as the internal porosity [4].
Table 2: Textural analysis of Douiret sand.
Parameter real volumic massρr (g/cm3)
apparent volumic
mass ρa (g/cm3)
Porous volume
(cm3/g)
Internal
porosity (%)
Sand 2.15 1.825 0.083 15
Porous volume: VP=1/ρa - 1/r ; VP = 0.083 cm3/g
Internal porosity: χ = Vp
.
ρ
a ; χ = 15 %
These results confirm the low porosity of sand.
The textural analysis, by B.E.T. method, illustrates the adsorption and desorption isotherms of nitrogen at its
normal boiling point, on the studied sand, for the range of the relative pressures : 0.05  x  1 (figure 4). The
adsorption and desorption isotherms obtained are not superimposed at all for the field of relative pressures. This is
well known and named the hysteresis [5]. It is worth noting that the narrow desorption isotherm suggests that our
sample is slightly porous.
The B.E.T. classification indicates that the obtained adsorption isotherm is of type II and characterizes a multi-
layer adsorption with the specific surface: S = 5 m2/g.
The calculation of the average radius of pores < r > = 332 Å, according to <r> =2 VP/S indicates that the pores
being cylindrical and consequently the sample of Douiret sand is macroporous.
For this formula < r >: the average radius is expressed in Å; Vp : porous volume is expressed in cm3/g; S: specific
surface is expressed in m2/g.
Fig 4: Adsorption and desorption isotherms of nitrogen on sand.
The Mineralogical and textural characterization of Douiret sand indicate very interesting properties which leads a
wide range of industrial applications as same as the manufacture of glass or the preparation of silica gels, since it
does not require many expansive treatments.
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3.2. Physico-chemical characterisation of the Silica Gel
3.2.1. Preparation of the Silica Gel
The silica gels can be synthesized either by using organ metallic or by the alkaline attack of the sand. In this
work, the manufacturing process of silicates by dry way, called furnace process, is used. This corresponds to the
fusion of silica and sodium carbonate together at high temperature (1060 °C) in a furnace made of refractory bricks.
The mixture is done in definite proportions of sand and sodium carbonate, according to the following reaction:
Na2CO3 + n SiO2 n SiO2, Na2O + CO2
Where n can take unspecified values.
The alkaline fusion, leads to silicates with a molar ratio SiO2/Na2O range between 1 and 4. From this alkaline
fusion results a vitreous compound which can be put in aqueous solution to give a product indicated by n SiO2,
Na2O, x H2O solubility
n SiO2, Na2O + x H2O n SiO2, Na2O, x H2O
The nSiO2, Na2O compound and water should be heated until the complete solubility to get sodium aqueous
silicate solutions. Previous work [6] established the proportion of SiO2 and Na2CO3 on the basis of SiO2/Na2O ratio,
varying between 3,72 and 1.
10 g of sodium silicate are mixed with 500 ml of distilled water and the mixture is putted under agitation for
approximately 10 min. Then, the prepared solution is acidified by the hydrochloric acid (2 M) under agitation. The
addition of the acid will be carried out drop by drop until the gel is obtained. Thus several types of gel with different
pH were prepared. The obtained gel is left to rest for 24 hours allowing synaeresis (water overfloats), then it
undergoes a washing and a vacuum filtration to eliminate the chlorine ions and consequently obtain an amorphous
gel [7]. The gel is dried at 60 °C and white powders or blue-green granules can be obtained.
3. 2. 2. The Scanning Electron Microscopy (SEM)
The SEM micrograph of silica gel shows the existence of small black spots corresponding to the pore spaces like
cylindrical holes. The very fine gel compound aggregate is surrounded by a great number of pores giving the
impression of a sponge (figure 5). This wide porous texture is a good argument of the very well adsorption capacity
of the synthesized silica gel.
Fig 5: SEM micrograph of silica gel.
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3. 2. 3. X-ray powder diffraction
The x-rays powder diffraction analysis shows a flat base line without any reflections at all; this proves that
synthesized product is completely amorphous (figure 6).
Fig 6: X-ray Diffractogram of silica gel.
3. 2. 4. The textural analysis
The pycnometric measurement, allows the determination of real ρr and apparent ρa volumic masses and
consequently permit the calculation of porous volume and internal porosity.
The adsorption and desorption isotherms obtained are not superimposed in all the field of relative pressures, This
phenomenon, named hysteresis, is associated with the capillary condensation taking place in the mesopores, which
is an argument that the material is porous [5] (figure 7).
Fig 7: Adsorption and desorption isotherms of nitrogen on silica gel.
Table 3: Textural analysis of the silica gel
Sample Specific surface (m2/g) Porous ray (Å)
Silica gel 720 21.14
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4. Conclusion
Mineralogical and textural characterization indicate that Douiret sand is relatively pure (SiO2 = 98.86%) and
correspond to the -quartz without any significant mineral mixture. This sand is well crystallized, their size range
from 1 μm to 50 μm, and display a poorly internal porosity close to 15% and specific surface S = 5 m2/g . These
characteristics allow a wide range of uses as industrial manufacture of glass or the preparation of silica gels, since it
does not require many expansive treatments.
The alkaline synthesis of silica gel has been performed at 1060°C. The comparison of physico-chemical
properties between the obtained product (silica gel) and the starting material (natural sand) shows a significant
increase in porosity which can reach 58 % for silica gel. The specific surface is also increased to 720 m2/g for silica
gel. These characteristics display a very porous texture and consequently, a great capacity of adsorption for this new
product.
References
[1] R. Quelet, "Précis de chimie minérale", [Tome 2, 8ème édition]. 3 ème cycle, faculté Sciences de Tunisie (1964) 1 – 135.
[2] M. Benzina, "Contribution à l'étude cinétique et thermodynamique de l'adsorption de vapeur organique sur des argiles locales. Modélisation
d'un adsorbeur à lit fixe", Thèse de Doctorat ès Sciences Physique, Faculté des Sciences de Tunis (1990).
[3] M. Benzina M. et al, (1990) ; Annales de Chimie de France 15 (1990) 315-335.
[4] G.W. Brindley G W. et al, Order-disorder in clay mineral structures, In Crystal Structures of Clay Minerals and Their Identification,
Mineralogical Society, London, 125 (1980)195.
[5] M.A. Rodriguez, J. Rubio, F. Rubio, M.J. Liso, J.L. Oteo, Clays and Clay Minerals 45 (1997) 670-680.
[6] M. Besbes, (1999); "Adsorption du bleu de méthylène par un gel de silice obtenu à partir d’un sable tunisien", DEA (1999)
[7] T. Woignier, "Contribution à l'obtention des verres par la voie des gels", Thèse, Montpellier.
W. Trabelsi et al. / Physics Procedia 2 (2009) 1461–1467 1467
